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ii 
PREFACE 


The inflvenee of shear deformation on the behavior 
eof a sanédwieb-type aircraft structural panel under load has 
been treated at length analytically and experimentally. lHow- 
ever, as far as is known, experimentation is not complete in 
attempting to actually measure the shearing stresses caneing 
this deformation. 

A problem of interest, as pointed out by engineers 
of Chanee Vought Aircraft, would be a etudy of the distribu- 
tion of these shearing stresses in the core of «a sandwich 
plate, such ae Metalite. Hore specifically, the project the 
writer had in sind at the beginning of thie work was to deter- 
mine the distribution of transverse shear stresses along the 
boundaries of a simply supported reetangular Metalite panel 
subjected to a uniformly distrivuted normal load. 

Firet, however, it was necessary te find an adequate 
testing method for measuring these stresses. Developing upon 
a wnique idea suggested by Prof. J. Ae Wise, University of 
Minnesota, such a method for experimentally determining the 
actual shearing stresses occurring in the core was attempted. 

Time coneuming Gifficulties arising in the perfect- 
ing of thie testing procedure prevented the writer from 
applying it to hie originally chosen problem mentioned above. 
However, the method was tested on a circular panel and partial 
success was realized, the results obtained and the testing 
method as developed being presented herein. 
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SUMMARY 


Thies thesle presents the results of an investigation 
where an attempt wae sade to indirectly measure transverse 
shear etresses in the balea core of a Netalite (sandwich-type) 
plate by use of a single wire electrical strain gage passed 
through the thicknese of the core at 45°. Conditions were 
limited to a simply supported circular panel subjected to « 
uniformly @istributed normal load. 

Although the test method for shear strese developed 
herein was only partially swecessful, the results indicate 
that it may be a feasible one bet further investigation is 
necessary to substantiate the results obtained here and te im- 
prove upon the technique used. 

Sensi deration was also given toe the deflection curve 
ef the panel under load and to the resulting planar stresaece 
in the faces of sandwich plate. Due te friction conditions 
existing between the support and the plate, the desired siaple 
support was not fully realized. However, test deflections 
show fair agreement with analytical theory for the lower loed- 
ing values. 
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INTROLUCTIGCN 


The problem under consideration in this thesis con- 
sists mainly of the development ef an experimental testing 
method for measuring the transverse shearing stresses occurr- 
ing in the balsa core at the cireveferential boundary of « 
Betalite sandwich-type circular plate. The panel was siuply 
supported and was subjected to a uniferm normal load. 

4 second and subsequent isave is the measurement of 
these boundary stresses, by this testing sethed, and their 
eonpartom with analytical predictions. Also of sineor concern, 
but still a matier of interest, are the deflection curves of 
the Zetalite panel during the teet and the stresses occurring 
in the aluminus faces. 

Gensiderable analytical atudy, (ref. 1, 2&4 3), has 
‘been made of shear deformation, the result of shear stress in 
the core of sandwich material, and some experimental work has 
been accomplished (ref. 4 and &). However, the distribution 
ef shesring stresses in the core has not been completely re- 
solved. Wenee this expsriaental approach to the probles 
seened warranted. | 

Onee the procedure for measuring the desired 
stresces, a6 explained below under Equipment and Precedure, 
had been established, repeated normal loading tests in 1/4 
pei. ineremente were made from 0 te 1-1/4 pel. on a 50 inch 
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Giameter Metalite circular panel simply supported. Lxtreme 
eare in ainute adjustments were not at all times exercised 
where concerned with the sinor issues, the effort being placed 
on an attempt te prove the method of test rather than obtain 
atatistical results. 

The sandwich panel used in the investigation was 
Betalite, produced by Chance Vought Alreraft of Dallas, Texas. 
Typieal of most sandwich plates it has the twe thin high- 
strength outer faces (aluminue alley in this case) bonded to, 
anéd eeparated by, a relatively thick, low-density, low 
etiffnese core (end grain balea). The following aasumptions 
are made for the sandwich plate considered: 

(1) Faee parallel stresses in the core way be 
neglected so that all planar stresses are carried by the 
faces. 

(2) The faces gre very thin in comparieon with the 


(3) The newtral axis lies on the middle surface of 
the core. 

(4) Shear stresses and shear deformation in planes 
perpendicular te the panel may be neglected in the facings 
because of their relatively bigh shear moduli. (Later teste, 
after reliability of thie method has been perfected, say 
show that the faces say carry pert of the transverse shear). 

(5) Traneverse shear forces are carried only by 
the core (this, too, may be disproved later) and these shear 
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forces are distributed uniformly across the thickness of the 
core. 

Considering a point on the neutral axis of the cross 
section of the sandwich material and applying the conditions 
prevailing there to a Hohre circle of etresa, it is seen that 
the shearing stress present is equal numerically to the two 
prineipal stresses and that these principal stresses are at « 
45° angle to the plane of the plate. if the strain of this 
prineipal stress can be seasured as it oceurs in the core, 
then ite stress can be determined and will be equal to the 
shearing strees at the neutral axis. Further, from assump- 
tion ($), this shearing stress will be constant across the 
cross section of the plate at that point. 

The Kohrs circles of strain and stress mentioned 
above can be shown as follows: 


L nox Conn 
en) <3 Cmox Jinn <> Tmox 
Mehrs Cirele of Strain Webrs Cirele of Stress 


From Theory of Llasticity: 
Trae @ =r ( max +14 Emin? Eq. 1 
In the etrain cirele above, 
Euex 2 ~ “nin 
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Henee, iq. 1 changes to, 
Fy & &. € Ee. 2 
eye max? “4 
in regard to the shearing stressee and strains, 
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Sinee the above development considers the saterial 
teeted as homegeneous, appropriate values of & and A met be 
chosen. The problem then is te install an adequate strain 
gage redially at « 45° angle throwgh the thickness of the 
Metalite plate at the point the stress is desired to be found. 

Theee gages were placed as near the circumferential 
boundary as possible eo that « maxinus reading would be ob- 
teined. A comparison could then be sade to the loading 
equation for shear, 4.¢@. : 


vs oe Kq. 4 


where 
P © normal lead, psi. 
re radius, in. 
yo ee Cee 


The theery involving the minor issues, i.@., the 
panel deflection curve and the stresses in the metal faces 
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TESTING EQUIFRENT ABD PROCEDURE 


The Metalite cireular panel tested was a product of 
Ghance Vought Aireraft, Dalles, Texas. It had the following 
characteristics: 


(1) Sise - Diameter, 30 in. 
Outeide average thickness, 0.26 in. 


(2) Gore - ind grote balea. Density, 9 1d. 
eu. ft. 4) ” we 


«6 
Thickness of core, 0.235 in. 


(3) Faces~ 0.012 in. 755-T6 alelad, grain of 
Opposite faces parallel. 


(4) Adhesive - Redux, 

The plate had an initial domed curvature of 1/8 inch 
at the center. 

The testing apparatus is shown im Fig. 1. A two 
ineh thick, forty-two inch diameter circular flat steel plate 
was used ag «2 base. To this base wae secured a support ring 
wade of one inch aluxinus angle whieh had been bent on a metal 
shrinker to the shape of a 14-5/8 in. radius ring. The top of 
this angle was beaded (5/16 in. dia.) allewing siniewe contact 
area between the support and test plate. Sealing putty was 
weed outside the bead to assure airtightnese. 

Sy means of an aspirator, operating off from an air 
pressure line, air wae withdrawn from the area beneath the 
test panel through a small hole drilled through the base 
plate. A second hose line from this base plate opening led 
to a mercury sanometer, which wae open to the atmosphere. By 
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means of a suitable seale the plate loading could be directly 
observed at the manoneter. 

Five Ames dial deflection gages were placed radially 
ae shown in Figs. 1 and 3. Saldwin rosette strain gages were 
piaced on the top and lower faces ac shown in Fig. 3. Small 
holes were drilled through the vertical web of angle support 
to carry out the wire leade from the, under side strain gages. 

The special single wire strain gages (See Appendix 
B), set radially at a 45° angle through the eore, were placed 
in pairs around the cireunference of the test plate as shown 
in Fig. 2. These gages had been inetalied by first drilling 
a 45° hole through the thickness of the panel with a #70 
(0.028 in. dia.) drill. A one and one-half to two inch length 
of the one ail gage wire (furnished by Baldwin Southwark), was 
threaded through the hele. Sonding glue was introduesd into 
the hole by wgeans of « /250 hypodermic needle and syringe, 
great care being exercised as the needle was moved up and down 
along the wire in the hole. A amall amount of tension was — 
kept on the wire during the drying preeess to prevent kinks 
and waviness. When dry, the cement acte as an ineulator for 
the gage wire as it passes the alusinum faces. The exposed 
external ends of the wire were then soldered to the *K*-Box 
lead wires. 

Use was wade of the standard SR-4 Baldwin "K*-Sox, 
the strains being read directly in slero-inehes per inch. A 
Gage Factor of 2.00 was used for the single wire strain gages 
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since their Gage factor of 1.31 could net be accommodated on 
the "K"-Bex. (See Resulte and Dieseussion for Gage Factor 
correction method). 

Since these single wire gages, ineluding the dummy 
gage, lacked standardization in respect te length and ohas 
resistance, they could not all be balameed with the duany gage 
on the *“K"-Sex. Their resistances varied from 26.2 ohms to a 
maxinus of S7.4 ohms for the dummy gage. By placing a slide 
wire potentiometer in parallel with the dummy gage its resist- 
ance could be cut dom te mateh the others and the *K*-Bex 
could be balanced, 

The testing procedure wae standard for obtaining the 
rosette and Ames dial readings. One quarter psi. loading in- 
eresentse up to one and one-quarter pail were used. <All gages 
zereed to their original settings at the ond of the testes. 

The same leads were used for the single wire gages 
_ but the load was released after each reading, the sere setting 
checked. A loading sequence was carried through completely 
with one gage before soving to the next one, thereby avoiding 
repeated heating and cooling of the potentioneter coils. 
Until this potentiometer became thoroughly heated, the result- 
ing change in resistance was very noticeable as a continual 
ereep of the needle scroes the strein seale. iIn general, rene 
were not started wnless the ereep had drepped to less then 
ten sicro-inebes per minute with adjustments being made when 
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RESULTS AND DISCUSSI GH 


i, Shear Stresses (Single Sire 45° Strain Gages) 


Since the sain objective of this projeet was te per- 
fect and prove this method of testing, great care was taken in 
obtaining the strain readings (Tables i through V) of the 
single wire gages. tach reading was taken individually, that 
ie, the air load wae released after each reading and the sero 
setting of the °K"-Sox checked, Repeated runs were made to 
determine if there was any slippage or creep in the gage it- 
self. Gage 7/64, Table 4, may have been a case where slippage 
eecurred between the first two rune and the last four. Two 
ef the gages, #2 and (12, were broken accidentally before re- 
peated runs could be made. 

The best average wae calculated for each set of runs 
and was plotted with all points being shown (Fig. 4 through 
9). Sinee the Gage Factor, 1.51, of the single wire gages, 
(See Appendix B), eould not be accommodated on the "K"-Box, 
an arbitrary Gage Factor of 2.00 was used, The best average 
rune were then corrected to the Gage Factor of 1.51 as fol- 
lows: 

“teorreeted) * ~ (as reaa) * $29? 

These final corrected values are plotted for com- 
parison in Fig. 10. It will be noted that Gages /4 and #64 
show the closest semblence of duplication. It is assuaed 
then, for lack of better Gata, that their average at 1-1/4 
psi, of 190 miero-inches per inch is « bonafide value. Then 
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by wee of Sq. 3 above, on page 4, the shearing stress can be 
determined. 

The value of & for use here was selected as 250,000 
pei, and ues 0.36 (ref. 6 and 6). Ineerting these and “ney 
of 190 in ig. 3 gives: 


C ® ee Cue 
"* Oe, "2S 


T # 35 pel. 
Fer somparison, Bq. 4, page 4, gives: 


77 Menpaagee 


T & 39.8 pat. 

The stress value calculated from the experisental 
resulte should be considered with caution dwe to the three 
variables involved in ite computation; namely, Suex, %, and 
Ae §& may vary from 10,000 pei tangentially te 450,000 pei. 
parallel to the wood grain. Likewise, the six values of 
Poisson's Ratio for balea vary from 0.009 te 0.66, depending 
wpon the plane of the stresses under consideration. A dif- 
ferent eolee of £ could have varied the result considerably. 
Renee before this testing sethed, once perfected, could be of 
value, a sore rigorous determination of the characteristics, 
Zand 4. , wust be accomplished. 

Although the oy used above was approximately the 
largest obteined, there is no indication that it is a true 
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reading. Ae can be seen on Fig. 10, very Little duplication 
of readings between corresponding gages was attained. for 
instance, there is considerable spread among the values of 
the tension gages, with a still greater difference found for 
the compression gages. further, it was expected that the 
cowpression-tension wates (i.e., #1 & 2, #3 & £4, ete.) would 
be numerically equal but of oppesite eign. Gages /1 and j2@ 
and #34 and #4 show some equality as aates but on the other 
hand they do net eresse-check, 1.@., #1 ané #3, and #2 and #4. 

Gage {SA's position could be strengthened if the 
straight line curve of #1 and #11 were extended to cross the 
vertical axis and then the two curvee moved positively and 
parallel-te their present position until they were seroed on 
the origin. Here again, though, /35A does not agree clossly 
with any of the compression gages ae expected. 

Three facters that may have effected t hese resulte 


could be: 
(1) The initial curvature of the plate. 
(2) The fact that support was not 
realized, due to between the lower face 
and the » thereby oreating a longi force 
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Despite the fact that complete suceess of the 
method was not realised, it was encouraging to finally get 
the correct and definite indications of tension and especial- 
ly compression. It is believed that this method of test 
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etiil has pessibilities for further investigation. The sain 
difficulty is concerned with obtaining a reliable bond between 
the core saterial and the somplete length of the wire gage. 
The only glue tried was Defont Cement /5458, ordinarily ueed 
with the Baldwin electrical strain gages. it ie believed that 
enee the glue had dried that the bond betecen the vire and 
the balea was a permanent one (exeept for the possibility of 
#64) sinee the same resuite were obtainable on repeated runs. 
However, whether the whole gage was included in this bond is 
not definite. 

Other improvements could ce made without tee great 
@ifficewlty by correcting the three factors sentioned two 
paragraphs above. Also it is suggested that the gages be 
moved radially inward from the support. it may be that stress 
concentrations from the contact area of the support were the 
reason fer failure of the strain of the mated wires to coin- 
cide. The writer used a clearance from the suppert to the 
wire opening on the face of 1) the thickness of the plate. 

A size 75 drilled hole (0.021 in.) im the core, for 
threading the single wire gage, may give adequate gluing roca 
and make a snugger fit for the wire. The #60 (.0135 in) 
Grill originally used did net allow for ample passage of the 
glue while the /70 (.028 in.) Grill finally used way have 
been too large. 

One final isgprovement would be te make certain that 
the gage wire ic perfectly straight when bonded. Otherwise «a 
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subnormal tension reading will reewlt as the kinks ané slack 
are being taken up and absorbed with the loading. 


ii. Deflection and Face Stresses 


gages (Table Vi and Fig. 13) appears reliable. lowever, the 

although they were adequate for purposes of this test. When 

using euch low pressure values, an aleoho] manometer would haw 
been more accurate, » oe hy. ae ERY 

From the deyelopwent of the deflection equation in 

Appendix A, it is seen that the additional deflection due to 

shear deforsation is practically negligible in the thin panel 
tested, even though shear stresses were present. ; 

Two theoretical deflection curves (effect due to 
shear deformation not ineluded) are pletted en Fig. 15 with 
the teet deflection curves. While fairly close agreement is 
found for the 1/4 psi curve, a large difference ie noticed for 
the 1-1/4 psi loading ourve. It is believed that this discrep- 
aney is ave slmost entirely to the support friction factor men- 
tioned on page 12. nm inerease in normal load would increase 
the effect of the longitudinal load and the plate deflection 
would tend to be less. The strains as obtained from the 
rosettes were converted te principal stresses by use of Ref.7 
(See Tables VII, VIIi, and IX, and Pigs. 11 and 12). The 
readings and results are believed to be aceurate and reliable. 
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SON GLUSION 3 


(1) Thies single wire gage method of test for 
éetermining shearing stresses shows positive sige of 
workability. However, ite validity and reliability can 
net yet be accepted until present results are substan-~ 
tiated by further investigation. 


(2) Teste are also needed te establish eeit- 
able core values of © and ,: to be weed in conjunction 
with this test precedurs. 


(3) The resulte obtained herein were eater- 
fally effected beth by the original inherent curvature 
ef the plate and the fact that simply supported condi- 
tiens were net reslised. 
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APPENDIX A 
THEORY OF FACE STRESS"S & DEFLECTION 


I. Face Stresses 


, 
i 


From the theory of elasticity, the equations fcr stresses in the cross- — 


section of a rectangular plate are: 


a 2 2 
ee pat ‘ay 


2x 


on ee (oe Pio 
J = deflection. fh aa | 


Zz = vertical distance from 
neutral axis to stre 8S pO: 


q a iia, 


Converted to polar coordinates and a circular plate, ‘the st: ah 


‘equations are: Ee _ 3H} 


BA hen Y 
Oy = bee? Pane ae 


Gi ee 
i /-4 ae 


Substituting in Eq. AS 


get 
aie way 
Ex, [omiea) + $800 


Applying boundary conditions to Faq. AS, 


wnen rr =°R, .. =0- 


Asmzel 22 st 
6¥N {+A 


Applying boundary conditions to Eq. Ah, 


when r = R, $= 0 


Ps C= aR. FELE Eq. AT 
64¥N 1 +A 


Thus for outer fibre, top face, Eq. AS becomes, 
(See Fig. 2 for symbols) 


ae Age: 
’ Se (3+) (R*- ry) | Eq. a8 


EF; t; A* 


let(3) N= 0-0) 
~ Ge r2te) p Iera) (e- ry] Ba. A9 


ét, $* 
Applying Eq. A9 to the plate teeted, where, 
E- /0” pad A= 4 
4 = 0.236 in (0,23 bolse care plus rclucy ond) 


ty = 90/2. Ae hea ty = 0,24Em. 


Op = 23.49 (r*-R*) Eq. 10 


(1) Seide, Paul and Stowell, E.Z.; Elastic and Plastic Ruckling of 
Simply Supported Metalite Type Sandwich Plates, NACA Tech. Note 1822, 
February 199. 
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Taking the point of rosettes #2 and #3, where the radius is 7.3125 
inches and using a loading of 0.25 psi., 
This shows fair agreement with test results of Tables VIII and IX, 
page 33 and 34, where values are, 
Oo, ES ~- 2723 ps: . Cpr PEROT Hop fore) 
Sp = +2505 pus Tav gy (loaner foce) 
At 0.50 psi. load, calculated gives, 
Cy = ie $ PES Aa 
while test shows, 
OE - 4230 per 
or = + FE YO pes 
At 0.75 psi., G@alculated shows, 
Or = FF 2O ps’ 
while tests gave, 


Or = + 7650 
As can be seen the descrepency between the test results and the 
analytical results is getting larger with increased load due to the 
failure to achieve a simple support. The effects of the inherent 


longitudinal load are increasing with the load. 
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IJ. DEFLECTION 


To obtain the deflection equation (no shear deformation) apply 
the constants A and C, Fquations Ao and A7 to the deflection "quation 
Au, giving, 


$= [pt 2 BAR) + HA et | 


6YN I+ /444 Eq. All 


Applying the constant test plate values to %q. All, the following 


deflection equation is obtained, 
y > | 
F= 0.00000 3767 elt — 1000 r*+ 183, 200] Bae ee 


or at the center, 


Considering deflections due to shear as found in reference 9, page 
143, but using a constant cross-section value instead of a parabolic curve, 


the shear deflection is, 


dee ¢ Fz (e-r) Bq+ All 


Using a shear modulus for Metalite of this core and face of 


G =v29,000psi. from reference 5, Fig. .Ol, at the center fq. All gives, 


Vinee = 000674 oe 


Total center deflection will be, 


T= (0.6970 t 0.00604) 2 


= erst f 
Or, in the case of the thin panel tested, the deflection due to 


shear is only 0.984% of the total, or, just less than one percent. 


Neglecting this negligible shear deflection and considering Eq. All 
alone, the following values for AG are found for the 0. 25 psi., the 1.00 


psi., and the 1.25 pal» loading - : 


Table of f peections 2 
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APYSHDIA B 


*robleme Comeerning the Use of the Single 
Sire Strein Gage 


Numerous difficulties were encountered in attempt- 
ing to perfeet the installation ef the single wire strain 
gage for use in this testing sethed. The greatest of these 
was obtaining a couplete and reliable bond between the wire 
and the core material. 

48 wentioned in the body of thie repert, a 0.0156 
inch hole was firet tried as a conduit through the core for 
the gage. After the gage wire was threaded through the hole, 
glve was placed over the opening on each face of the panel. 
The wire was then slowly drawn back and forth through the 
core so that the glue would be carried in through the length 
ef the conduit. However, leading tests indicated that in- 
sufficient glue was reaching the interior, since all gages — 
slipped with the first leading. 

4n attempt was sade to correct this difficulty by 
beating the gage wire which in turn would heat and leosen 
the glue inte detter distribution. Heating eas attempted by 
pessing current through the wire, tut it did not prove at 
all practical, the wire gages being too delicate. Snetion, 
te draw the glue through the core, was then tried on the 
9.0135 inch hole. In this case, the quick-drying glue 
would start hardening as soon as it reached the opposite 
face, thereby blocking the passage of sufficient glue fer 
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bending. A change te a larger hole, 0.028 inch, corrected 
this trowble, but still not enough ef the glue was being 
distributed inside for satisfactory bonding purposes. 

The moat satisfactory gluing method tried and the 
one the final results were obtained from, was to employ a 
hypo nesdle te introdmes the glue inte the gage hole, as 
mentioned earlier in the report. fositive results were ob- 
tained in ali cases, althewgh very weak in some iastances. 
A re-gluing of these weak ones showed marked iaprovewent, 
the old bond being locsened with a hypo injected selvent 
(acetone). Although this last method gave partial suceess 
it ean not be accepted until better duplication of results 
is obtained, 

another problem mentioned in the repert is the 
desirability of having all the single sire gages of the 
- game resistence, or vithin a few ohms, of the Gummy gage, 
thus elisinating the use of the potentiometer or additional 
resistance. 

The exposed portions of the gage wire should be 
shielded from Grafts since eudden temperature changes make 
a noticeable effect on etrain readings being taken from the 
*"K*-Box. | 
Sinee the Gage Factor, needed for use with the 
"K*-Box, of thie single gage wire eas unknown, it had to 
be determined. The Gage Pactor is a constant for each type 
and sige of wire and ia: 


& 


inst tnt A - ea 
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Since it wae ivpractical to seasure these factors 
fer the wire concerned, the following seans was employed, 
4 one-wlre paper-covered strain gage was aade up on « steel 
red whose loading-strain curve was known. Following the 
pattern of the standard gages, this speciel one was sade by 
firet gluing « pieve of rice paper te the red and then 
stretebing « length of the wire longitudinally over the 
paper. Sore glue was applied and a top cover of rice paper 
placed over ail. 

When the gage was dry, the *K"-Zox leads were 
soldered to the exposed ends and the red was then tested in 
tension in « Nieble Testing Hachine. Three arbitrary Sage 
Faetor settings were used on three loading runs (Table X). 

Frow the plotted results (Fig. 14), the Gage 
Faeter ef the wire gage under test wae determined by com 
pearing the three test curves to the known strain curve, the 
relationship being 4 direst proportion. 

Thus, 

Ren 1 Oe ER 3089 1.30 


fun 2 ae. 2 ew See? 1.35. 


Run 3 ne oes ae 1.80 


Average 1.2 
fence, the GF. for this case is 1.31. 
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GAGE RFADINGS (Micro inches) 


TABLE I 
SINGLE WIRE STRAIN GAGES 
GACH READINGS (Micro inches) 
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TABLE WIT 
ROSETTE STRAIN GAGES 
GAGE R®ADINGS (Micro inches) 
Top Face / 
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Fig. 1 
TESTING EQUIPMENT 
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Fig. 2 
SINGLE WIRE STRAIN GAGES 
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a= Outer edge of panel. 
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